The DNA base composition of Rickettsia tsutsugamushi was determined by reversed-phase high-performance liquid chromatography and compared with that of Rickettsia rickettsii. The G+C contents were 28.1 to 30.5 mol% for R. tsutsugamushi and 32.1 mol% for R. rickettsii.
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Determination of molar ratio by HPLC.
The HPLC analysis was performed by using the method of Tamaoka and Komagata (6), with slight modifications. A DNA solution was boiled for 5 min and chilled. The resulting denatured DNA preparation received an equal volume of a nuclease P1 (Sigma) solution (0.1 mg/ml of nuclease P1 in 40 mM sodium acetate-2 mM ZnSO, [pH 5.31) and was incubated for 1 h at 50°C. The DNA digest was dephosphorylated with alkaline phosphatase (100 U of calf intestine alkaline phosphatase [Takara Shuzo, Kyoto, Japan] per ml in 0.17 mM MgC1,-0.33 M Tris-HC1 [pH 8.11) for 1 h at 37°C. The resulting hydrolysate was analyzed by HPLC by using a model 655 system (Hitachi, Ltd., Tokyo, Japan); an aliquot of the hydrolysate was applied to a COSMOSIL 5 C,, column (Nacalai Tesque, Kyoto, Japan) and eluted with a mixture of 0.2 M NH,H,PO, (pH 4.5) and acetonitrile (20:1, vol/vol) at a flow rate of 1 ml/min. The A,,, was monitored. The relative amount of each nucleoside was calculated on the basis of the peak area in the HPLC elution profile. Bacteriophage A DNA (G+C content, 49.8 mol%; Takara Shuzo) was used as a standard to determine the base ratios of rickettsial DNAs.
RESULTS

DNA base composition.
Authentic deoxyribonucleosides eluted from a reversed-phase column in the following order: deoxycytidine, deoxyguanosine , deoxythymidine , and deoxyadenosine (6). An elution profile of a hydrolysate of highly purified A DNA contained four peaks corresponding to these deoxyribonucleosides (Fig. la) . When monitored at 270 nm, the areas of the peaks paralleled the molar ratio of deoxyribnucleosides.
The deoxyribonucleosides from cellular and rickettsial DNAs were clearly separated by their elution profiles as was the case with the highly purified A DNA (Fig. l b through f) . Pretreatment of the DNAs with a combination of RNases A and T, was indispensable for eliminating the ribonucleosides from RNA that contaminated the original DNA preparations. Thus, the amount of each deoxyribonucleoside was accurately determined on the basis of the peak area. The values obtained are shown in Table 1 . The G + C content of R . rickettsii Bitterroot was 32.1 mol%. This value is very similar to the values of 32.4 and 32.0 mol% determined by the buoyant density method and the thermal denaturation method, respectively (8). Under the same conditions, the G+C content of R . tsutsugamushi ranged from 28.1 to 30.5 mol%. There was a small but significant difference in G + C content between R . rickettsii and R . tsutsugamushi. 
R . rickettsii Bitterroot (f).
DISCUSSION
The DNA base ratios of microorganisms are specific to individual species and have been used to identify and classify organisms. The DNA base ratio approach has also been applied to the classification of rickettsiae (3, 8) . However, previous studies did not include R. tsutsugarnushi strains, probably because of the technical difficulty in purifying them.
Determining the DNA base ratio of R. tsutsugarnushi with an accurate method should be very important, and the HPLC technique (2) can do this. In fact, this technique has been used in taxonomical studies of bacteria (6) and fungi (1) . In these studies, the base ratios were calibrated on the basis of the absorption of known concentrations of standard deoxyribonucleosides. In our study, we used h DNA as a standard to calculate the base ratios. Our method guarantees the accuracy of the molar ratio for each deoxyribonucleoside, because the standard deoxyribonucleosides were components of a DNA whose molar ratio was determined on the basis of sequence data (5).
The G+C content of R . rickettsii determined by reversedphase HPLC was identical to the G+C contents determined by the classical methods (3, 8) . This proves the usefulness of the HPLC technique for determining the G+C contents of rickettsiae. Under our conditions, the G+C contents of R . tsutsugarnushi ranged from 28.1 to 30.5 mol%. These values do not overlap the value obtained for R. rickettsii (a member of the spotted fever group) but coincide with the values obtained for rickettsiae belonging to the typus group (3, 8) . However, rickettsiae with the same G+C contents are not necessarily identical. Further taxonomical study of the species or strains will require DNA homology tests.
